With the introduction of digital imaging techniques such as computerized tomography (CT) and lately cone beam computed tomography (CBCT), anatomical structures of the oral and maxillofacial region can be appreciated in three dimensions. The aim of this article is to familiarize clinicians with a workflow for guided implant surgery based on the use of CBCT and intraoral scanner in case of immediate implant placement. A CBCT was recorded for the patient and a digital impression was registered using an intraoral scanner (Lava COS). Codiagnostix® software was used for the coupling of cone beam computed tomography (CBCT) and intraoral scan data and virtual treatment planning. Ideal implant position and suprastructure were planned by digitally integrating the anatomic situations and future prosthetic demands. In the present case, digital planning software and fabricated surgical guide were beneficial in accurate immediate implant placement in the esthetic zone. The positioning of implants is more precise with guided implant surgery which will help clinicians to achieve prosthetically driven implant placement as it offers many advantages in terms of favorable esthetic, desirable occlusion, phonetics, and long-term peri-implant hard and soft tissues stability.
Introduction
The field of implant dentistry has entered in a new era due to advances in computer-aided design/computer-assisted manufacture (CAD/CAM) technology. [1] With the introduction of CBCT, anatomical structures of the oral and maxillofacial region can be appreciated in three dimensions. CBCT scanners are smaller in size, employ low radiation dose, and cost-effective as compared to the computerized tomography (CT) scanning devices. [2] The images obtained from CBCT can be transformed to a simulated three-dimensional model of the jaws. [3] In addition, intraoral scanning machines have recently started to play a key role in modern dentistry with respect to digital treatment planning. [4] The digital planning involves the coupling of digital imaging and communications in medicine (DICOM) format data from CBCT and standard triangulation language (STL) file data from an intraoral scanner. [3, 4] With the help of digital planning, software identifiable structures (e.g., teeth) obtained from CBCT images and intraoral scanning is superimposed on each other. A 3D view of the dental hard and soft tissues of a patient is created by the software which gives a realistic view of the anatomical structures of the patient. Subsequently, surgeons can virtually execute the implant surgery in an accurate manner. A digital tooth setup can also be added to this treatment planning to assist the dental technician in relation to the future prosthetic restoration. [5] Finally, this process results in the transfer of virtual implant treatment planning from the computer to the surgical site. This function is completed by the fabrication of surgical guides by rapid prototyping technique or stereolithographic technology. [5, 6] With this case report, the author describes a workflow for guided implant surgery in case of immediate implant placement based on the use of CBCT and intraoral scanner. The 3D implant planning software (Codiagnostix®) assisted the author to digitally plan the treatment of a patient and to design and fabricate a surgical guide for immediate implant placement in the esthetic zone.
Case Report
A 62-year-old male patient presented to the Department of Oral Function and Restorative Dentistry/Section Oral Implantology and Prosthetic Dentistry, Academic Centre for Dentistry Amsterdam (ACTA), the Netherlands. He was referred by his general dentist for the extraction of the left upper lateral incisor tooth #22 and its replacement by the implant-supported crown. The left upper lateral incisor had to be removed because of broken crown [ Figure 1a and b]. According to the American Society of Anesthesiologists (ASA) physical status classification system, the patient was healthy (ASA-1).
Implant treatment planning
A CBCT was recorded for the patient. It revealed that sufficient thickness of buccal and lingual alveolar bone was present around tooth # 22 for the placement of implant immediately after tooth extraction [ Figure 1c ]. A digital impression was registered using an intraoral scanner (Lava COS). Codiagnostix® software was used for the coupling of CBCT (DICOM files) and intraoral scan (STL data). The virtual treatment planning using Codiagnostix® planning software is depicted in Figure 2 . After the approval of the planning and the design of the surgical guide, the data files were sent to a milling company for the fabrication of stereolithographic tooth-supported surgical guide (ES Tooling, Beringen, Belgium).
Surgical procedure
The patient was prescribed prophylactic antibiotic (amoxicillin 3 g) 1 h before surgery and chlorhexidine 0.02% mouthwash (to use 48 h before surgery). The surgical procedure was performed under local anesthesia (Ultracaine Forte® articaine HCI 4% supplemented with 1/100,000 adrenalin v/v). The tooth was extracted atraumatically without raising flap using Piezotome [ Figure 3a ]. Complete debridement and curettage of extraction socket were performed. The socket was rinsed with normal saline [ Figure 3b] .
Afterward, the surgical guide was stabilized in the oral cavity with the support of the adjacent teeth [ Figure 3c ]. Straumann® Guided Surgery kit was used for immediate placement of the implant. The bone preparation was performed according to manufacturer's protocol with continuous cooling with sterile saline [ Figure 3d ]. The depth of the osteotomy was dictated by the stop on each drill. The implant (Straumann® Roxolid bone level implant 3.3 mm in diameter and 12 mm in length) was inserted [ Figure 3e and f]. A torque of 35 N was obtained at implant placement and the healing abutment (3 mm) was immediately placed on the implant. A bone substitute material (xenograft; BioOss® granule size 0.25-1 mm) was used to fill the gap between the buccal and lingual wall of extraction socket and the dental implant. PROLENE (Polypropylene) 6-0 suture material was used to close the surgical area [ Figure 3g ]. A periapical radiograph was taken immediately after surgery [ Figure 4c ]. The post-operative instruction was given to the patient. Medications prescribed postoperatively included paracetamol (1000 mg) and amoxicillin (500 g) 3 times per day, for 5 days. The follow-up was done after 7 days. On a follow-up appointment, suture was removed and healing was uneventful with no signs of inflammation or infection [ Figure 3h ]. The patient reported no post-operative pain or discomfort after surgery. Provisional restoration was placed after 2 weeks of implant placement [ Figure 4a ]. Provisional restoration was used as a tool to evaluate esthetic and occlusal function before the delivery of the final implant restorations.
Final restoration
After a provisional phase of 4 months, a second impression was taken with an intraoral scanner (Lava COS) using 
Patient follow-up
The patient was seen 2 weeks, 4 months, 1 year, and 2 years after implant placement. Periapical radiograph after 2 years of implants placement is shown in Figure 4d . The patient was satisfied with esthetics, phonetic, and occlusal function of the final restoration. After 2 years, no complications were observed. A complete workflow of implant placement with the help of CBCT and intraoral scanners is depicted in Figure 5 .
Discussion
The aim of this case report was to familiarize clinicians with the workflow of digital implant planning using both CBCT and intraoral scanner. High patient's expectations and presence of thin buccal plate in esthetic zone make implant placement very challenging for clinicians. Immediate implant placement can be more difficult in clinical situations such as proximity of the adjacent teeth or important anatomical structures such as inferior alveolar canal and maxillary sinus. [6] Buser et al. [6] have demonstrated that the most vital feature required for immediate implant placement is the presence of fully intact facial bone wall with a thickness >1 mm in addition to thick gingival biotype. In the present study, both requirements were taken into consideration. In the present case, digital planning software was advantageous in planning accurate immediate implant placement in the esthetic zone. [7] Dental professionals are always keen for prosthetically driven implant placement as it offers many advantages in terms of favorable esthetic, desirable occlusion, phonetics, and long-term peri-implant hard and soft tissues stability. [8] In addition, by correct positioning of implants, the final prosthesis can be designed as retrievable screw-retained restorations. Non-retrievable cement-retained suprastructures can be avoided, which might sometimes also lead to peri-implantitis because of cement remnants. [9] When aiming for implant treatment success, parameters such as the desired interimplant distance or tooth-to-implant distance, implant depth in relation to adjacent teeth, especially in esthetic zone and proximity of vital anatomical structures have made digital implant planning a vibrant tool. [10] Different types of surgical guides are (a) tooth-supported surgical guides which are placed on the remaining teeth, (b) mucosa-supported surgical guide is positioned on top of the mucosa and mostly used in fully edentulous patients, (c) bone-supported surgical guide is positioned on the bone after opening a flap. This type of guide is usually used when extensive bone surgery is required, and (d) special supported surgical guide is supported by mini implant or pins inserted before or during the actual implant surgery. The bone-supported surgical guides showed the maximum inaccuracy as compared to the other surgical guides. These surgical guides translate the accurate positioning of the implant from virtually planning to real-time insertion of the implant. [4, 10] 
Conclusion
Computer-aided digital implant planning can be beneficial in the diagnosis and treatment planning for immediate implant treatment, especially in esthetic zone. Implant placement is more accurate and less time consuming with the help of guided implant surgery.
Clinical significance
Intraoral scanners have been demonstrated as a useful tool in digital implant workflows in terms of reducing the time and work required using conventional impression techniques. In addition, computer-guided dental implant surgery is proven to be more accurate as compared to conventional implant placement. [4] This case report will help clinicians to make use of these advanced technologies in their clinical practice.
